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d. Using the hypodennic syringe with a 22-gauge needle, place 1 to 2 drops of triacetin on 
the filtel"'. Gently lower a clean 25-mn square cover s11p down onto the filter at a 
s 1 i ght ang 1 e to !"educe the possi bi 1 i ty of f onni ng but".b 1 es. If foo many bubb 1 es or 
the aTl:>Unt of triacetin is insuff1cient, the cover slip may becane detached within a few 
houl""S. 

e. Glue the edges of the cover slip to the glass slide using a lacquer or nail polish [9]. 
P«JTE: If clearing is slow, the slide preparation may be heated on a hotplate (surface 

SO -C) for 15 min to hasten clearing. Counting may proceed 
imnediately after clearing and mounting are 

CAL!BRATIClt 00 QJAl.ITY cafTROl: 
11. calibration of the Waltcn-Beckett graticule. The dianeter, de (lm'l), of the circular 

counting area and the disc dianeter 111Jst be specified when ol"dering the graticule. 
a. Insert any available graticule into the and focus SC -that the graticule 

are sharp and clear. 
b. Set the appropriate interpupi11a.-y distance if applicable, reset the binocular head 

adjustment so that the magnification .ranains constant. 1 _ . . 

c. Ius1..a11 the 40 to phase cbject1ve. 
d. Place a on the microscope object stage and focus the microscope on the 

gradlated 1 ines. 
e. 1'Hsure tn. magnified grid length, L0 (ll!I), using .the stage micraneter. 
f. RBll>Ve the graticule fra11 the microscope and measure its actual grid length, La (m). 

This can best ·be acCQ1'9llshed by using a· stage fitted with verniel""S. 
g. calculate the cin:le diantter, de (ma). for the walton-8edcett graticule: 

Exarple: If lo • lCS 10. La a 2.93 1111 and 0 a 100 ld. then de a 2. 71 mn. 
h. Check the field dianttm-, D(acceptable range 100 \ill ± 2 µm) with a stage micrateter 

upan receipt of the graticule f'rm the manufacturer. Oetennine field area Cmn2). 
12. adjustments. Fo11aw the manufacturer's instructions and also the f'ol1C1111ing: 

a. Adjust tn. light source for even ilhnination across the field of at the condenser 
iris. 
NOTE: Kehler i·llunination is preferred, where available. 

b. Focus on tJw pa.rticul.ata natar"i.al to be ex.-ined. 
c: • ..U:• sure that the field iris is in focus, centered on the and only enough 

to fully illuwinata the field af vie.. 
d. Usa the telesccpe ocular by the manufacturer to ensure that the phase rings 

(annular diaphragm and phase-shifting elements) are concentric. 
13. Check the phaSQ-shift c»taction limit of the·microscope periodically. 

a. RerTDVe the HSE/NPl phase-contrast test slide frm its shipping container and center it 
under the phase objectiv.. 

b. Bring the blocks of grooved 1 ines into focus. 
llJTE: The slide ccnsi.sts of seven sets of grooves (ca. 20 grooves to each blocic) in 

descending order of visibility fran sets l to 7. The requirenents for asbestos 
counting are that the microsccpe optics ITIJSt resolve the grooved lines in set 3 

although ·they may appear smewhat faint, and that the grooved line$ in 
sets 6 and 7 nust be invisible. Sets 4 and S 1111st be at least partially visible 
but my vary slightly in visibility bet.wen microscopes. A microscope whic:h rails 
to net these requiramnts has ehher tco low or too high a resolution to be used 
for asbestos CQ.lnting. 
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4. Count bundles of fibel"'S as one fiber unless individual fibel"'S can be identified by 
observing both ends of a fiber. 

5. Count enough graticule fields to yield 100 fibel"'S. Count a mininun of 20 fie1ds. 
Stop at 100 flelds regal"'dless of fiber count. 

b. d Rules 
NOTE: The B Rules are prefer-red analytically because of their derrcnstrated ability to 

i~rove the reproducibility of fiber counts [5]. 
1. count only ~ of· fibers. ~ch fiber ltlJSt be longer than 5 µm and less than 

3 µm dianeter . 
2. count only ends of fibers with a length-to-width ratio equal to or greater than S:l. 
3. count each fiber end which falls .within the graticule"'"area as one end, provided that 

the fiber meets rules b.l and b.2. 
4. count visibly free ends which meet rules b. l and b.Z when the fiber appears to be 

attached to another particl·e, regardless of the size of the other particle. 
5. Count the free ends of fibers emanating fran large cllJl1)s ~nd bundles up to a maxinun 

of 10 ends CS fibers) , provided that each segnent meets rules b.1 and b.2. 
6. Count enough graticule f;elds to yield 200 ends. COunt a minirrun of 20 fields. Stop 

at 100 flelds. regardless of the fiber cou'nt. 
7. Divide the tot.al esld COYnt by 2 to ~ie1d fib.er COJn.l. · · 

r«>TE: Split fibers will nonnally be ccunted as llllre than 0.0 ends if the free ends 
lllBt!t the rules b.1. and b.2. 

20. Start counting frm one end of the filter and progress along a radial line to the·other 
end, shHt either up or dclill on the filter and continue in ~ reverse direction (lo] . 
Select fields ranmnly by looking away fra1·the .eyepiece· briefly while advancing the 
mechanical stage. \.lt'len an agglarerate covers ca. 1/6 or ncre of the field of"viei, reject 
the field and select another •. Der not report rejected fields in the numer of total fields 
counted. · 
NOTE: ~ ccunting a field, ccnt1nuously scan a range of focal planes by rroving the f]ne 

focus \mob to detect very fine fibers which have becane E!li>edded in the filter. The 
small-di.:.n!ter fibers will be very faint but are an il'll>Ortant contribution to the 
total count. 

CALCJLATlONS: 
21. calculate and report fiber density on the filter, E (fibers/mn2 ), by dividing the total 

fiber count, F, ~nus the mean field blank count, B, by the nllli>er of fields, n, and the 
field area, Af (0.00785 nr for a properly calibrated walton-Seckett graticule): 

E • (F • B) • fibers/irnt2 . 
(n) (Af) 

22. calculate the concentration, C (fiberslnt.). of fibers in the air vol1.1Te ~led, V Cl), 
using the effective. collection area of the f.ilter, Ac C3SS rnn2 for a 25-mn filter}: 

C • CE) CAe> 
Y· 103 

NOTE: Peri odi ca 11 y check and adjust the va 1 ue of Ac, if necessary. 

EVALUATICW OF PEilOl: . . 
This method is a revision of NIOSH Ptethod P&cAPI 239 [1,3,4]. A sunnary of the revisions is- as 
fol lows: 
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variability. of O. 157 for the a Rules [12). Adding an estimated ~ling p~ error, sr, 
of 0.05 [13] to the within-~le variability in this study results in an estimate of 
overall precision, s.,.. of 0. 102 for the B Rules. 

4. 9ecause of past inaccuracies associated with low fiber counts, the minirrun loading il<ls 
been increased to 100 fibersimn2 filter area (80 fibers total count) . This level yields 
an overall sr • O. 13, as indicated in Figure 3 (revist~) of P&c:AM 239 [3,4] which 

ccrresponcts to a measurement sr • 0.12 after rencval of Pl.Jill error [13]. Similarly. at 
the llBXillUI · ccunt of 100 fibe~. overall Sr os 0. 1 lS and irea.surerent sr • 0. 10 are 
obtained. 

D. Evaluaticn of the nathod using the A and B counting rul~ wt-11 ,Proceed on a ccntinuing basis 
through the· NIOSH Proficiency Analytical Testing (PAT) Prograsa. The nev PAT reporting fom 
allows for reporting of results by either set of rules as of January, 1984. 
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